Role of checkpoint kinase 1 in preventing premature mitosis in response to gemcitabine.
The deoxycytidine analogue 2',2'-difluoro-2'-deoxycytidine (gemcitabine) is a potent radiation sensitizer in a variety of solid tumors and tumor cell lines. Previous studies have shown that radiosensitization by gemcitabine is accompanied by simultaneous depletion of dATP pools (through ribonucleotide reductase inhibition) and accumulation in the S-phase of the cell cycle. Because of the importance of cell cycle redistribution in gemcitabine-mediated radiosensitization, we investigated the role of checkpoint kinase (Chk) 1 and Chk2 in gemcitabine-induced cell cycle arrest. We hypothesized that gemcitabine might induce Chk1 or Chk2 signal transduction pathways that mediate S-phase arrest. We found that radiosensitizing concentrations of gemcitabine induced accumulation of phosphorylated Chk1 and Chk2 and down-regulation of Cdc25A in BxPC-3 (10 nmol/L), Panc-1 (100 nmol/L), A549 (30 nmol/L), RKO (30 nmol/L), and SW620 (30 nmol/L) cells. Depletion of Chk1 from Panc-1 cells prevented the down-regulation of Cdc25A in response to gemcitabine. Furthermore, Chk1 depletion permitted Panc-1 and SW620 cells treated with gemcitabine to enter mitosis despite incomplete DNA synthesis. However, depletion of neither Chk1 nor Chk2 abrogated the inhibition of DNA synthesis in response to gemcitabine. These results provide evidence that Chk1 negatively regulates entry into mitosis in response to gemcitabine. Furthermore, these data imply that Chk1 acts to coordinate the cell cycle with DNA synthesis, thus preventing premature mitotic entry in gemcitabine-treated cells.